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ABSTRACT

We describe patterns of tree community change along a 700-km transect through terra firme forests of western Amazonia, running from the base of the Andes in
Ecuador to the Peru–Brazil border. Our primary question is whether floristic variation at large scales arises from many gradual changes or a few abrupt ones. Data
from 54 1-ha tree plots along the transect support the latter model, showing two sharp discontinuities in community structure at the genus level. One is located near
the Ecuador–Peru border, where the suite of species that dominates large areas of Ecuadorean forest declines abruptly in importance to the east. This discontinuity is
underlain by a subterranean paleoarch and congruent with a change in soil texture. A second discontinuity is associated with the shift from clay to white sand soils near
Iquitos. We hypothesize that the first discontinuity is part of an edaphic boundary that runs along the Andean piedmont and causes a transition from tree communities
preferring richer, younger soils near the base of the Andes to those preferring poorer, older soils farther east. Because the floristic changes observed at this discontinuity
are conserved for large distances to the east and west of it, the discontinuity is potentially key for understanding floristic variation in western Amazonia. The significant
floristic turnover at the Ecuador–Peru border suggests that the only large protected area in the region—Ecuador’s Yasunı́ National Park—is not adequate protection
for the very diverse tree communities that cover vast areas of northern Peru.

Abstract in Spanish is available at http://www.blackwell-synergy.com/loi/btp.
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IN THE WORLD’S LARGEST TROPICAL FOREST, two tree communi-
ties have attracted special scrutiny: Yasunı́ National Park in eastern
Ecuador and the Manaus region in central Brazil. At least 40,000
plant specimens have been collected in Yasunı́ and at least 60,000
around Manaus (Nelson et al. 1990, Pitman 2000; A. Andrade,
pers. comm.). At both sites researchers have established tree plots
by the dozen (e.g., for Yasunı́: Balslev et al. 1987, Pitman 2000,
Duivenvoorden et al. 2001, Cerón Mart́ınez 2003, Macı́a & Sven-
ning 2005, Guevara Andino 2006, Mogollón 2006; for Manaus:
Prance et al. 1976, de Oliveira & Mori 1999, de Oliveira & Nelson
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2001 and references therein, Mori et al. 2001, Laurance et al. 2004,
and Kinupp & Magnusson 2005) and both forests now host large
permanent plots each monitoring hundreds of thousands of indi-
vidual trees and shrubs (Valencia et al. 2004, K. E. Harms & A. A.
de Oliveira, pers. comm.).

Yasunı́ and Manaus are > 1700 km and 15◦ of longitude
apart. To put this in perspective, imagine that we know a lot about
Brussels and a lot about Budapest, but very little about the area
in between. On such a landscape, networks of scattered tree plots
are useful for identifying between-site and between-region differ-
ences in forest composition, structure, and function and for linking
those differences to heterogeneity in soils, climate, and other fac-
tors (e.g., Terborgh & Andresen 1998; ter Steege et al. 2000, 2003,
2006; de Oliveira & Nelson 2001; Malhi et al. 2004; Phillips et al.
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2004). But because Amazonian plots are not spread evenly across
the basin, they are less helpful in understanding where tree commu-
nities turn over between floristically different regions, and how that
turnover happens. Trained analyses of satellite imagery may be able
to document where and how forest structure varies along a gradient
in places that lack plots, but gradients in tree species diversity and
dominance cannot yet be described in detail without on-the-ground
work (Saatchi et al. 2007).

A few studies in western Amazonia have used very long tran-
sects to document how landscape variation in soils and topography
influences tree communities (Duque et al. 2003), or fern and woody
plant communities in the Melastomataceae (Tuomisto & Ruoko-
lainen 1994; Tuomisto et al. 2002, 2003a), at intermediate spatial
scales. If these transects could be extended to cover hundreds of
kilometers, such that they sampled different regions rather than
different environmental conditions within the same region, where
and how would one observe changes in the tree community? Would
one distinctive tree community slowly grade into another, or would
we see abrupt changes? If abrupt changes proved the rule (e.g., as one
moved from one soil type to another), what would contribute more
to the large-scale variation in composition: the steady accumulation
of dozens of minor changes, or a few especially radical ones? Would
the species that dominate communities at one end of the gradient
be rare or absent at the other end, or would some species remain
dominant at the largest spatial scales?

Since installing a transect from Yasunı́ to Manaus is not yet
a feasible option, here we address these questions with the best
substitute currently available: a series of plots scattered from the
Andean foothills west of Yasunı́ to the Brazilian border east of Iq-
uitos, Peru (ca 40% of the distance between Yasunı́ and Manaus).
Yasunı́ and Iquitos are appropriate endpoints for studying large-
scale floristic change because their tree communities are markedly
different (Duivenvoorden et al. 2001). Dozens of tree species and
genera (and at least one family) common around Iquitos are not
present in the recent checklist of Ecuador (Vásquez-Mart́ınez 1997,
Jørgensen & León-Yánez 1999). Upland tree communities around
Iquitos can be grouped into floristically distinctive classes corre-
sponding to different soil conditions (Ruokolainen & Tuomisto
1998), while upland tree communities in Yasunı́ are dominated
across the landscape by an ‘oligarchy’ of 150 relatively common tree
species (Pitman et al. 2001; see also Vormisto et al. 2004, Macı́a &
Svenning 2005). Finally, the oligarchic species in Yasunı́ are often
poorly represented around Iquitos (Ruokolainen & Tumoisto 1998,
Grández et al. 1999, Vásquez-Mart́ınez & Phillips 2000, Montufar
& Pintaud 2006), and vice versa (N. C. A. Pitman, M. Ahuite, D.
Cardenas, N. Dávila, R. Garcı́a-Villacorta, H. Mogollón, P. Núñez
V., M. Rı́os, and E. Valderrama, pers. comm.).

The tree communities sampled in this study are so complex
and our sampling was so limited that our data cannot provide rig-
orous tests of hypotheses about plant ecology and Amazonian phy-
togeography (e.g., Hubbell & Foster 1986, Tuomisto et al. 1995).
Our primary motive here is descriptive. As with all descriptions of
large-scale pattern in tropical vegetation, the area we have sampled
represents an infinitesimal fraction of the landscape we intend it to

characterize, which makes the data and our interpretation of them
preliminary to the extreme.

METHODS

STUDY SITE.—Plots range in elevation from 400 m asl (plot 1, at
the base of the Andes; 1◦04′ S, 77◦36′ W) to approximately 100
m asl (plot 50, on the Peru-Brazil border; 2◦51′54′′ S, 71◦24′54′′

W). The intervening landscape is an unbroken forest covering low
hills, terraces, swamps, and floodplains. Variation in topography,
soils, and drainage is common at small-to-intermediate scales, and
corresponding variation in tree communities is often obvious. At
larger spatial scales the landscape shows few obvious discontinuities
in topography, surface geology, climate, and forest structure. The
two exceptions are a large complex of swamp forest just north of
the eastern Ecuadorean portion of the transect (Cuyabeno and the
lower Aguarico River) and the scattered patches of white sand soils
west of Iquitos (Ruokolainen & Tuomisto 1998, Garcı́a-Villacorta
et al. 2002). Most of the uplands in the area are underlain by large,
young geological formations deposited by erosion from the Andes
(Lips & Duivenvoorden 2001) and occupying the northwestern
Amazonian foreland basin (Roddaz et al. 2005).

Climate across the gradient is wet, warm, and aseasonal.
Ground-based data and satellite-derived data paint different pic-
tures of precipitation along the transect, and at present it is not
clear to us which is more accurate. The few weather stations in
the region suggest fairly homogeneous rainfall from west to east
(Marengo 1998, Lips & Duivenvoorden 2001), but 7 yr of data
collected by the satellite-based Tropical Rainfall Monitoring Mis-
sion (TRMM) show east–west gradients in both average annual
rainfall and interannual variability in rainfall (Chiu et al. 2006; Fig.
1). In the 0.25 × 0.25 degree grid cells in the TRMM data set
which contain our plots, average annual rainfall is constant across
the Ecuadorian plots but begins a sharp climb at the Ecuador–Peru
border; by the Peru–Brazil border, plots show nearly twice the an-
nual precipitation as those at the westernmost end of the gradient.
Also in the TRMM data set, interannual variability in rainfall (the
coefficient of variation among all sampled months) is nearly 50 per-
cent higher in the 20 plots to the west than in the 34 to the east
(t-test, P < 0.0001; Fig. 1).

FIELD AND IDENTIFICATION METHODS.—We compiled a data base
of 54 1-ha tree plots along a 716-km axis stretching from the
Andean foothills in Ecuador to the Peru–Brazil border. Twenty-
four of these plots are in Ecuador and 30 are in Peru. Sixteen
Ecuadorian plots and 12 Peruvian plots were established during
1988–1999 by MAu, CC, JG, PL, HM, DN, WP, OP, NP, RS, and
RV (e.g., Spichiger et al. 1989, 1990, 1996). Most of these are in and
around Yasunı́ National Park (Ecuadorian plots), or around Iquitos
(Peruvian plots). Eight new plots in Ecuador and 18 new plots in
Peru were established during 2001–2005 by MAh, ND, JG, RGV,
HM, PN, NP, MR and EV. Approximately half of the new plots
were established along the Napo and Aguarico rivers in Ecuador and



Tree Communities from Ecuador to Brazil 527

FIGURE 1. Locations and characteristics of the 54 1-ha tree plots in northwestern Amazonia, ordered from west to east by longitude. The vertical black lines in the

bar graphs group the plots into sets of 10. Minimum and maximum values of the vertical axes of the bar graphs vary as follows, starting from the top: (1) 0.4–0.8;

(2) 0.2–0.8; (3) 20–110; (4) 0–0.7; (5) 0–0.16; (6) 0–0.12; (7) 0–0.06; (8) 0–0.035; (9) 1500–3500; (10) 0.35–0.65. Plots 35–38 contain white sand. Rainfall data

are from the TRMM data set described in the text. The base map is courtesy of J. Duivenvoorden.



528 Pitman et al.

Peru; and the rest are located south and east of Iquitos, or in Yasunı́
(Fig. 1).

Adjacent plots are an average 23.8 km apart (range: 200 m–
121.4 km; median = 18.3 km). The minimum convex polygon
formed by the 54 plots measures 103,730 km2. The plots themselves
sample 0.0005 percent of this area.

All plots are in upland (never flooded) forests and none show
obvious or significant human disturbance. Plots are located both
north and south of the major rivers that run through the study area
(the Napo and the Amazon/Solimões), but more plots are to the
south (16 N, 38 S). Most plots were 100 × 100 m to minimize
local soil variation, but five Ecuadorian plots were 10 m × 1 km
transects (plots 8–12) and four Peruvian plots were 5-m wide tran-
sects sampled along 2-km trails (plots 48, 49, 53, and 54). Some
plots were established permanently with numbered aluminum tags
and marked corners, while others were one-time inventories in
which trees were not marked. Summary information on each plot
is given in Table S1.

In every plot, each free-standing tree ≥ 10 cm dbh was mea-
sured for diameter at breast height and identified to species or sorted
to morphospecies. Individuals that were difficult to identify in the
field were collected and specimens studied later in Ecuadorian and
Peruvian herbaria, or sent to taxonomic specialists. All taxa in every
plot were sorted to the species and morphospecies level, but we did
not standardize species-level taxonomy across all plots. Two subsets
of the data set (one comprising all 24 Ecuadorian plots and one
comprising the 18 newly established Peruvian plots) have been in-
dependently standardized to the species and morphospecies level,
and specimen vouchers for all species-level taxa in these subsets are
available at QCNE and AMAZ, respectively. The only taxa stan-
dardized at the species level across all 54 plots are the 150 species
of the Yasunı́ oligarchy (Pitman et al. 2001; see next section for an
explanation of the oligarchy). Taxa in all plots were standardized to
genus level.

RELATIVE ABUNDANCE PATTERNS.—We calculated relative abun-
dances of all genera in each plot. We also tabulated the number
of the 150 species thought to dominate forests in eastern Ecuador
(the ‘oligarchy’ sensu Pitman et al. 2001) present in each plot and
their abundances there. These are species which had an overall den-
sity of ≥ 1 stem/ha in 15 1-ha plots established in and around
Yasunı́ (plots 2–6, 8–15, and 18–19 in this study).

Between-plot variation in genus-level abundances was also in-
vestigated by detrended correspondence analysis (DCA).

BETWEEN-PLOT FLORISTIC SIMILARITY.—To calculate floristic sim-
ilarity between plots, the full data set was standardized to genus.
This shortcut is more problematic for Amazonian data sets than
recent papers suggest (e.g., de Oliveira & Nelson 2001, Higgins
& Ruokolainen 2004). The problem is that safely excluding stems
that have not been identified to genus requires the assumption
that those stems do not belong to genera already in the data set.
In large data sets of diverse tree communities, this assumption is
not a safe one, because a significant proportion of Amazonian tree
species are not identifiable to genus without fertile material or the

guidance of taxonomic specialists. Examples in western Amazonia
include most alternate-leaved Lauraceae, most Myrtaceae and Nyc-
taginaceae, many Rubiaceae and Fabaceae, as well as hyperdiverse
sections of Sapotaceae and Chrysobalanaceae.

Consequently, an analysis that excludes ‘Lauraceae sp. 27’ be-
cause it has not been identified to genus is likely throwing out
information about a genus of Lauraceae already identified in the
data set. In turn, this will distort patterns of presence and abun-
dance for that genus, which will be represented by something less
than its full spectrum of species.

The subset of stems that have been identified to genus is only
a reliable representation of genus-level patterns in a data set when
all genera are easily identifiable. Researchers using the genus-level
shortcut for Amazonian plants should quantify the effect of this bias
in their results or correct for it as described below.

For genus-level analyses, we first discarded all trees that we were
unable to identify to genus. We then discarded all trees identified as
belonging to genera we judged problematic (listed in Table S2). In
our data set, unidentified-to-genus stems accounted for 2.8 percent
of all trees, while problematic genera accounted for 12.9 percent of
all trees and 20.7 percent of all genera. Thus, genus-level analyses
were carried out with a subset of our data that excluded 15.7 percent
of all trees recorded in the field.

We used the Sorensen and Bray-Curtis indices to quantify
between-plot similarity of composition and community structure,
respectively. Values in both indices were corrected by dividing them
by the maximum possible value for each comparison, so that they
reflect similarity in composition independent of diversity. For an
explanation of this correction, see Pitman et al. (2005).

SOIL ANALYSES.—Soils were collected just below the humus layer in
46 of the 54 plots. Different soil samples were analyzed for acidity,
texture, and nutrient levels at different laboratories (a Ministry of
Agriculture soils laboratory (INIAP) in Quito, Ecuador; the soils
laboratory of La Molina University in Lima, Peru; the Agricultural
Research Centre of Finland; and a laboratory at Leeds University).
Because this raises serious concerns about the comparability of data
from different plots, we restrict analysis here to pH and texture
(percent sand).

RESULTS

The 54 plots contain 33,002 trees ≥ 10 cm dbh. Just under 3 percent
of stems could not be identified to genus level; all other stems
were sorted to 435 genera. The five most common genera were
Eschweilera (5.2 % of all trees), Inga, Virola, Iriartea, and Protium.
The genera Inga, Virola, Protium, and Guatteria were recorded in
every plot and together accounted for 12.3 percent of all trees.
The 27 most common genera accounted for half of all trees. Forty-
five genera were recorded in just one plot, while 26 genera were
represented by a single tree.

Forty-eight genera present in the Ecuadorean plots were not
recorded in the Peruvian plots, and these accounted for 2.0 percent
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of all Ecuadorean trees. The most common of these were Sago-
tia (Euphorbiaceae), Pentaplaris (Malvaceae), and Stephanopodium
(Dichapetalaceae). Eighty-nine genera present in the Peruvian plots
were not recorded in the Ecuadorean plots, and these accounted for
7.7 percent of all Peruvian trees. The most common of these were
Micrandra (Euphorbiaceae), Clathrotropis (Fabaceae), and Neal-
chornea (Euphorbiaceae).

RELATIVE ABUNDANCE PATTERNS.—The abundances of many taxa
shift strikingly near the Ecuador–Peru border, marking an impor-
tant floristic discontinuity between plots 20 and 21 (Fig. 1). The
dominant species in the Yasunı́ oligarchy, the palm Iriartea del-
toidea, practically vanishes; it accounts for an average 8.5 percent of
trees in plots 1–20 but just 0.5 percent in plots 21–54. Similarly,
the genus Iryanthera (Myristicaceae) shifts from negligible impor-
tance in the west (0.5% of stems) to dominant status in the east
(5.5%).

Of the 346 genera standardized across all plots (see below), 246
(71.1%) were either only registered on one side of the discontinuity
or had densities more than twice as high on one side than on the
other. Similar changes are frequent among the subset of common
genera, although somewhat less so. Of the 31 standardized genera
that account for at least one percent of trees on one side of the
discontinuity, 19 (61.3%) have densities more than twice as high
on one side than the other. Many of the important genera that do not
shift abruptly in abundance (e.g., Guarea [Meliaceae], Theobroma
[Malvaceae], and Cordia [Boraginaceae; Table 1]) show important
shifts at the species level. For example, all three Theobroma species
present in Yasunı́ decline in abundance to the east of plot 20 and
are joined there by a fourth species not yet recorded in Yasunı́
(T. obovatum).

On a scatterplot of the first two axes of a DCA of genus abun-
dances, plots 1–20 and 21–54 form two clouds of points separable
by a straight line with no outliers (Fig. 2). The four white sand-
influenced plots (35–38) form a well-defined group that includes
two other plots on very sandy but not white sand soils (39–40).

DECAY OF THE YASUNÍ OLIGARCHY.—The discontinuity between
plots 20 and 21 marks the start of a sharp eastward decline in
both the number of species and the number of stems belonging to
the Yasunı́ oligarchy. In the 20 plots west of the discontinuity, the
oligarchy accounts for an average 37.5 percent of all species and
60.0 percent of all trees. In the 34 plots to the east, these values
drop to 19.7 and 24.9 percent, respectively. The abruptness of the
shift is illustrated by recalculating these figures with three plots to
either side of the discontinuity: in that case the oligarchy accounts
for a mean 36.6 percent of species and 59.6 percent of trees to the
west, but just 23.0 and 31.7 percent to the east.

Only 38 oligarchic species (25.3% of the total) maintain den-
sities of ≥ 1 stem/ha east of the discontinuity; 34 oligarchic species
were found in a majority of the eastern plots. Eight oligarchic species
have higher densities in Peru than in Ecuador, while 16 were not
recorded at all east of plot 20. The remaining ca 100 oligarchs simply
become rare. Forty of these show some preference for three richer-

TABLE 1. Comparative densities of genera to either sides of the discontinuity de-

scribed in the text. Equally common means that densities differ by

< 30 percent. Only genera recorded in more than 30 of the 54 plots are

included.

At least 100% At least 100%

more common Equally more common

Family west of plot 21 common east of plot 20

Annonaceae Duguetia,

Guatteria

Oxandra,

Unonopsis,

Xylopia

Apocynaceae Aspidosperma

Araliaceae Dendropanax

Arecaceae Iriartea Astrocaryum Oenocarpus

Boraginaceae Cordia

Burseraceae Dacryodes

Combretaceae Buchenavia

Elaeocarpaceae Sloanea

Euphorbiaceae Drypetes, Mabea Conceveiba

Fabaceae Inga Swartzia,

Tachigali

Lauraceae Pleurothyrium

Lecythidaceae Gustavia

Malvaceae Apeiba, Matisia,

Pachira

Melastomataceae Miconia

Meliaceae Trichilia

Monimiaceae Siparuna

Moraceae Batocarpus,

Perebea, Sorocea

Pseudolmedia Brosimum,

Helicostylis

Myristicaceae Iryanthera,

Osteophloeum

Olacaceae Minquartia

Polygonaceae Coccoloba

Salicaceae Casearia

Sapotaceae Micropholis

Urticaceae Cecropia

Violaceae Leonia, Rinorea

soil plots east of the discontinuity (47, 50, and 52), where more
than 10 percent of their stems were registered (Table 2).

The decay of the Yasunı́ oligarchy to the east is not monotonic.
The representations of oligarchic species and stems reach their min-
ima in the white sand-influenced plots near Iquitos (plots 35–38,
on average 16.2% of species and 14.8% of trees), then rise again
in the 10 easternmost plots (21.4% and 30.7%). This rebound is
partly due to three richer-soil plots (47, 50, and 52) where the oli-
garchy represents 33.5–49.0 percent of stems, but even when these
plots are excluded the oligarchy accounts for an average 26.8 per-
cent of stems in the remaining seven easternmost plots. Most of the
oligarchy’s continued importance east of plot 20 is due to the 38
species which maintain densities ≥ 1 stem/ha there (Table 2).
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FIGURE 2. First- and second-axis results of a detrended correspondence analysis

(DCA) of genus-level abundances in 54 tree plots in Amazonian Ecuador and

Peru. The 20 plots west of the discontinuity described in the text are shown as

open circles; the 34 plots east of the discontinuity are closed circles, except for

four white sand-influenced plots shown as crosses (plots 35–38). The dotted line

is a visual aid to emphasize the clean separation of western and eastern plots.

BETWEEN-PLOT COMPARISONS OF COMPOSITIONAL SIMILARITY.—Of
the 435 genera in the full data set, 346 genera representing 84.3
percent of all stems were used in the analysis of compositional sim-
ilarity. The corrected Sorensen’s values for all pairwise comparisons
of the 54 plots varied from a minimum of 29.2 percent (plot 8
vs. plot 36), to a maximum of 85.4 percent (plot 36 vs. plot 38),
with a mean (± 1 SD) of 57.9 ± 7.9 percent. The corrected Bray–
Curtis values varied from a minimum of 7.4 percent (plot 8 vs.
plot 36) to a maximum of 78.7 percent (plot 13 vs. plot 17), with
a mean of 44.2 ± 12.3 percent. The Bray–Curtis values (but not
the Sorensen’s values) also indicate an abrupt shift in community
structure between plots 20 and 21, just west of the Ecuador–Peru
border (Fig. 1).

SOILS.—Soil pH in 35 plots along the transect varied from 6.1
(plots 9 and 12) to 3.6 (plot 26) and averaged 4.3 ± 0.6. Average
soil pH is higher to the west of the discontinuity (mean = 4.5,
N = 15) than to the east (mean = 4.1, N = 20), but the difference
is nonsignificant (P = 0.07) and disappears altogether when two
Ecuadorian plots with especially high values (9 and 12) are removed
from the analysis.

The proportion of sand in soils from 46 plots varied from 2
percent (plot 47) to 76 percent (plot 40), and averaged 38 ± 19
percent. The average proportion of sand is significantly lower to the
west of the discontinuity (25%; N = 15) than to the east (44%;
N = 31, P < 0.001).

TABLE 2. Examples of species belonging to the Yasunı́ oligarchy which are: (1)

absent from the plots east of plot 20; (2) present but with ≥ 50%

of stems occurring in three richer-soil plots (plots 47, 50, and 52); (3)

equally abundant to the east and west of plot 20; and (4) more abundant

to the east of plot 20.

Status east of plot 20 (number

of species) Examples

Not recorded (16) Bauhinia arborea (Fabaceae)

Browneopsis ucayalina (Fabaceae)

Pentaplaris huaoranica (Malvaceae)

Melicoccus novogranatensis (Sapindaceae)

Cecropia herthae (Urticaceae)

At least 50% of stems in three Caryodendron orinocense (Euphorbiaceae)

richer-soil plots Inga oerstediana (Fabaceae)

Matisia obliquifolia (Malvaceae)

Pentagonia amazonica (Rubiaceae)

Celtis schippii (Ulmaceae)

Equally abundant as in plots 1–20 Euterpe precatoria (Arecaceae)

Protium nodulosum (Burseraceae)

Helicostylis tomentosa (Moraceae)

Virola elongata (Myristicaceae)

Minquartia guianensis (Olacaceae)

More abundant than in plots 1–20 Oenocarpus bataua (Arecaceae)

Protium amazonicum (Burseraceae)

Guarea macrophylla (Meliaceae)

Iryanthera juruensis (Myristicaceae)

Virola pavonis (Myristicaceae)

DISCUSSION

The floristic discontinuity near the Ecuador–Peru border became
obvious during our first hour of fieldwork there. On a Peruvian
terrace 2 km east of the border (plot 26), the most common tree
species belonged to a genus never recorded in Ecuador: the legume
Clathrotropis (Jørgensen & León 1999). Four additional genera not
then known from Ecuador were also present in the plot: Anomaloca-
lyx (Euphorbiaceae), Parahancornia (Apocynaceae), Huberodendron
(Malvaceae), and Sterigmapetalum (Rhizophoraceae; these last two
since collected S of Yasunı́). Genera dominant across much of east-
ern Ecuador (e.g., Matisia [Malvaceae], Inga [Fabaceae], Brownea
[Fabaceae], Grias [Lecythidaceae]) were rare or absent, and the
Yasunı́ oligarchy accounted for just 16.1 percent of all trees. And
species diversity (177 spp./ha) was markedly lower than the mean
in Yasunı́ plots (239 spp./ha; Pitman et al. 2002).

Data from the full transect now suggest that this plot lies a
few kilometers to the east of an important floristic discontinuity. As
one example of this feature’s importance, the Bray–Curtis similarity
value comparing the two plots to either side of it (20 and 21) is
lower than 90 percent of all pairwise comparisons across the 700-km
transect. Remarkably, the changes in community structure observed
across this floristic fault line are comparable in magnitude to those
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that occur between clay soils and white sand-influenced soils 300 km
farther down the transect near Iquitos (Ruokolainen & Tuomisto
1998; Garcı́a-Villacorta et al. 2002; Fine et al. 2004, 2005, 2006).
Given that analyses of tree community variation around white-sand
patches and elsewhere across terra firme forests of northern Peru
are being treated elsewhere (Fine et al. 2006; P. V. A. Fine and
E. N. Honorio, pers. comm.), and that the white sand-influenced
plots in our analysis also include some nonwhite sand forest (O. L.
Phillips, pers. comm.), we focus discussion here on the Ecuador–
Peru discontinuity.

LOCATION OF THE DISCONTINUITY.—The placement of the discon-
tinuity is obvious in our data set, between plots 20 and 21, but
we cannot pinpoint its location on the map. Plots 20 and 21 are
separated by 74 km and located on opposite banks of the Napo
River. Since all but one of our Ecuadorian plots west of the discon-
tinuity are south of the Napo (including plot 20), and the first six
plots east of it are north of the Napo, what looks like an east–west
discontinuity in Fig. 1 could also be described as a north–south
discontinuity, with the Napo serving as the border. However, plots
established farther down the Napo on its south bank (plots 27, 29,
and 30, the closest of them 131 km from plot 20) make it clear
that by then a discontinuity has been crossed to the south of the
river (Fig. 1). Likewise, a forest recently surveyed north of the Napo
and 38 km NW of plot 21 is dominated by the Yasunı́ oligarchy
(48.5% of stems ≥ 10 cm dbh; Céron & Reyes 2007), suggesting
that no transition has yet occurred there. In any case, two things
appear clear from the available data: a significant east–west floristic
transition occurs just west of the Ecuador–Peru border, and the
transition is not a neat north–south line.

We hypothesize that this same discontinuity will be found in
forests farther to the north and south of the Napo River. There
are not yet enough tree plots in eastern Ecuador to sketch its route
through Ecuador’s Amazonian provinces, but some data suggest that
the transition in those areas may occur farther west than it does in
the vicinity of the Napo (Valencia et al. 1994). For example, the
genus Iryanthera is common in a series of 0.1-ha plots established ca
90 km southwest of plot 21 (H. Mogollón, pers. obs.). Given that the
discontinuity likely marks a transition from richer soils close to the
Andes to older soils farther east (see below), we propose that a similar
floristic discontinuity extends the length of the Andean piedmont, as
an irregular line meandering from Colombia to Bolivia and perhaps
SW Brazil. Testing that proposition requires additional fieldwork,
which will also reveal whether the discontinuity we describe here is
typical or exceptional.

PROPERTIES OF THE DISCONTINUITY.—The floristic transition near
the Ecuador–Peru border is abrupt but not simple. Tree communi-
ties there change dramatically over a short distance, but we did not
see a transition from one well-defined tree community in the west
to another in the east. While the forests to the west of the discon-
tinuity have strong homogeneous components at the species level
(Pitman et al. 2001; Burnham 2002, 2004; Valencia et al. 2004;
Vormisto et al. 2004; Macı́a & Svenning 2005), the forests to the
east of the discontinuity vary markedly from plot to plot, with no

one obvious suite of dominant species as in Yasunı́. (Clathrotropis,
for example, is present in just 5 of the 30 Peruvian plots.) Some of
the plots just east of the discontinuity share dominants with plots
in the Colombian Amazon, while others show affinities to plots in
clayey or sandy soils around Iquitos.

Nor does the discontinuity trigger a clean turnover in taxa: a
few vanish entirely, others show no change, and the majority appear
to undergo shifts in abundance. Thus, while similarity in commu-
nity structure (as measured by the Bray–Curtis index) shows a pre-
cipitous decline between plots 20 and 21, similarity in community
composition (Sorensen’s index) does not. Montufar and Pintaud
(2006), reporting strong turnover in palm species between four lo-
calities on a transect that runs like ours from eastern Ecuador to
the Iquitos area, note that some species present on both sides of the
discontinuity undergo striking changes in their ecological personal-
ities. For example, the palm Oenocarpus bataua is a hilltop specialist
at the western end of the gradient (Yasunı́), a swamp specialist at
the eastern end (Jenaro Herrera), and indifferent to topography at
an intermediate site (Montufar & Pintaud 2006).

What distinguishes the turnover observed at this discontinuity
from the turnover documented commonly at smaller scales in Ama-
zonian vegetation transects (e.g., Tuomisto & Ruokolainen 1994;
Tuomisto et al. 2002, 2003a,b; Duque et al. 2003) appears to be per-
manence. Unlike the change in vegetation observed when crossing
from a higher terrace to a lower terrace (presumably to be reversed
farther along the transect, once the higher terrace is gained again), or
the change in vegetation observed when crossing from clay soils into
white-sand soils (reversed with the return to clay soils), the data here
suggest that the discontinuity marks a west-to-east turnover that is
not reversed even 500 km farther east of the discontinuity, and that
seems unlikely to be reversed as far as Manaus. If that is the case,
then this one feature on the landscape may be more important for
understanding large-scale floristic variation in the region than the
hundreds of smaller-scale transitions in soils and topography that
our transect crosses between the Andean foothills and Brazil.

ORIGIN OF THE DISCONTINUITY.—We cannot explain what causes
the discontinuity near the Ecuador–Peru border, but we suspect
that it is edaphic. Apart from our scant soils data, this conclusion is
based on: (1) the abundant evidence for strong edaphic influence on
vegetation in western Amazonia (e.g., Gentry 1988a; Gentry & Or-
tiz 1993; Duivenvoorden & Lips 1995; Ruokolainen & Tuomisto
1998; Phillips et al. 2003; Tuomisto et al. 2002, 2003a,b; Fine
et al. 2005; Honorio 2006); (2) the absence of other persuasive
explanations, two of which are briefly explored below; and (3) some
suggestive geological evidence.

Our limited data hint at an edaphic role: soils collected to
the east of the discontinuity are sandier than those to the west.
Likewise, tree taxa that prefer rich soils appear to be more abundant
to the west of the discontinuity and taxa that prefer poor soils
appear to be more abundant to the east, although this observation
relies on soil preferences inferred from field experience rather than
data.

It seems likely that the floristic discontinuity marks an edaphic
transition from younger, more fertile soils near the base of the Andes
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(nutrient-rich because of recent erosion and volcanism) to older, less
fertile soils farther east. Sombroek’s (2000) map of Amazonian soils
and landforms shows such a transition at the Ecuador–Peru border
from ‘Uplands with base-rich soils’ in Ecuador to ‘Western sedi-
mentary uplands’ in Peru. Given that our transect also descended ca
300 m in elevation from Ecuador to Brazil, it presumably progresses
from younger deposits in the west to the older deposits that underlie
them to the east. If this transition is responsible for the turnover in
tree communities, a similar phenomenon is likely to occur all along
the Andean piedmont.

Another possible source of edaphic heterogeneity in the region
is the Iquitos Arch, a subterranean structure that stretches from the
Peru–Brazil border SE of Iquitos to the vicinity of the discontinuity
we observed (Roddaz et al. 2005). This congruence of a paleoarch
with significant floristic turnover recalls a similar result from Patton
et al.’s (2000) small mammal inventories to either side of a several
hundred kilometer-long stretch of Brazil’s Juruá River, in which
paleoarches perpendicular to the river, rather than the river itself,
were found to coincide with genetic variation in many taxa (but see
Rossetti et al. 2005 for a critique).

Roddaz et al. (2005) propose that the Iquitos Arch has been
rising periodically since the upper Miocene, as the weight of the
Andean range deforms the lowland Amazonian basin. The above-
ground features of the Iquitos Arch are not obvious today—
principally hilly areas 50–100 m higher than the surrounding
landscape—and it is unlikely that they were ever high enough to
represent a barrier for tree species. But the arch could be important
to modern tree communities if, as suggested by Roddaz et al. (2005),
it once divided what are today the upper and lower segments of the
Napo River into two separate depositional basins during the time
that the dominant geological formations were being formed. That
scenario could generate important soil variation on the modern
landscape, with the arch marking an approximate divide. There is
no such discontinuity on geological maps of the area, but maps
of surface geology are still being redrawn over much of western
Amazonia (e.g., Rossetti et al. 2005).

Climate and history are other potential explanations. Accord-
ing to the satellite-based TRMM data, significant gradients in an-
nual rainfall and rainfall variability are also somewhat congruent
with the discontinuity at the Ecuador–Peru border (Fig. 1). Such
gradients could drive differences in soils, pathogens, animal com-
munities, and other factors important to tree communities to either
side of the discontinuity. However, the effect of climate cannot
be assessed until the region’s unusually strong discrepancy between
TRMM data and ground-based climate station data (which show lit-
tle annual rainfall gradient) is resolved (Sombroek 2001; S. Saatchi,
pers. comm.).

Finally, the discontinuity documented here might be less of a
fixed feature than a moving front, across which species are slowly
recolonizing forests out of which they were cast by some historical
event, or colonizing a new area for the first time. Historical events
with a potential impact on present-day tree communities include
the Pebas ‘megalake’ thought to have covered a huge area of western
Amazonia in the Miocene (Wesselingh et al. 2002), the large island
in that lake posited to have been formed by the Iquitos Arch (Roddaz

et al. 2005), Pleistocene climatic refugia (Haffer 1969), or areas of
large-scale human influence (Lima et al. 2002). We have no good
way of testing these hypotheses with our data. In the meantime,
we are tempted to downplay their importance, given evidence from
the last 10,000 yr in North American tree communities that species
migrations quickly restore tree communities to equilibrium with
climate (Currie & Paquin 1986, Webb et al. 1993; but see Charles-
Dominique et al. 2003).

IMPLICATIONS FOR CONSERVATION.—In closing, we ask whether
what we have learned to date about the floristic discontinuity near
the Ecuador–Peru border is useful for conservation. The answer
requires some background information on the protected areas sys-
tem of the region. At present, just two protected areas overlap the
polygon formed by our tree plots, and they occupy less than five
percent of its area. Yasunı́ National Park, a 1 million-ha protected
area in eastern Ecuador, appears to mostly protect a tree commu-
nity that is well represented in plots 1–20 but poorly represented
in plots farther east (Fig. 1). Yasunı́ has huge conservation value
for the trees of eastern Ecuador, but it may provide poor or no
protection for the large number of taxa that dominate the much
larger forests across the border in Peru. Similarly, while the 57,700-
ha Allpahuayo-Mishana National Reserve just west of Iquitos is an
important park for tree species that grow in and around white sand
forest, it is probably too small to protect the much more extensive
and diverse tree communities on the surrounding non-white sand
landscape (Gentry 1988b).

Determining where in northern Peru new parks will maxi-
mize conservation value for tree communities awaits more detailed,
species-level analyses. In the meantime, some five million hectares of
new protected areas have recently been proposed for northern Peru’s
forests, based on inventories of multiple taxonomic groups, as well
as of human communities and their livelihoods (Encarnación 1998;
Pitman et al. 2003, 2004; Vriesendorp et al. 2006, 2007; J. Álvarez,
pers. comm.). Based on the fieldwork described here, we surmise
that each of these areas alone probably contains several hundred tree
species not yet present in any protected area in the region.
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2005. The contribution of edaphic heterogeneity to the evolution and
diversity of Burseraceae trees in the western Amazon. Evolution 59:
1464–1478.

FINE, P. V. A., Z. J. MILLER, I. MESONES, S. IRAZUZTA, H. M. APPEL,
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bosques de tierra firme de la Amazonı́a norte ecuatoriana y preferencias
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SADA, N. SILVA, R. VÁSQUEZ MARTÍNEZ, AND B. VINCETI. 2004. The
above-ground wood productivity and net primary productivity of 100
lowland Neotropical forests. Glob. Change Biol. 10: 563–591.

MARENGO, J. A. 1998. Climatologı́a de la zona de Iquitos. In R. Kalliola, and
S. Flores-Paitán (Eds.). Geoecologı́a y desarrollo Amazónico: Estudio
integrado en la zona de Iquitos, Perú, pp. 35–57. Annales Universitatis
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1990. Los árboles del Arborétum Jenaro Herrera. Vol. II: Linaceae a
Palmae. (Contribución a la flora de la Amazonı́a peruana). Boissiera 44:
1–565.

SPICHIGER, R., P.-A. LOIZEAU, C. LATOUR, AND G. BARRIERA. 1996. Tree species
richness of a south-western Amazonian forest (Jenaro Herrera, Peru,
73◦40′ W/4◦54′S). Candollea 51: 559–577.

TERBORGH, J., AND E. ANDRESEN. 1998. The composition of Amazonian forests:
Patterns at local and regional scales. J. Trop. Ecol. 14: 645–664.

TER STEEGE, H., D. SABATIER, H. CASTELLANOS, T. VAN ANDEL, J. DUIVENVO-
ORDEN, A. A. DE OLIVEIRA, R. EK, R. LILWAH, P. MAAS, AND S. MORI.
2000. An analysis of the floristic composition and diversity of Amazo-
nian forests including those of the Guiana Shield. J. Trop. Ecol. 16:
801–828.

TER STEEGE, H., N. PITMAN, D. SABATIER, H. CASTELLANOS, P. VAN DER HOUT,
D. C. DALY, M. SILVEIRA, O. PHILLIPS, R. VÁSQUEZ, T. VAN ANDEL, J.
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TANA, J. CELI, AND G. CAÑAS. 2003b. Linking floristic patterns with
soil heterogeneity and satellite imagery in Ecuadorian Amazonia. Ecol.
Appl. 13: 352–371.

VALENCIA, R., H. BALSLEV, AND G. PAZ Y MIÑO C. 1994. High tree alpha-
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